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ABSTRACT
The 1988-89 spawning biomass estimate of Pacific herring.
Clupea harengus pallasi. in San Francisco Bay is 66.000 tons,
a 3.000-ton decrease from the 1987-88 biomass estimate of
69,000 tons. The San Francisco Bay herring population which
had been increasing since 1984. remains above the 10-year
population mean of 60,000 tons.
In Tomales Bay the 1988-89 herring spawning biomass was
estimated at 380 tons. This is the lowest spawning biomass
recorded and follows a poor 1987-88 season, when 2.000 tons
of herring spawned. It is believed that spawning herring are
not returning to Tomales Bay. The current drought condition
in California may be the cause of the change in spawning
behavior.
January was the month of peak spawning activity in San
Francisco Bay, with 40,000 tons of herring spawning during
the month. In Tomales Bay. nearly all herring also spawned
in January.
In San Francisco Bay. 50% of all spawning occurred along the
San Francisco waterfront. 25% occurred in the Oakland-Alameda
area. and 25% occurred in the Belvedere, Tiburon, and Angel
Island areas. No spawning was found near Richmond, Berkeley.
Candlestick Point. Sierra Point. or Oyster Point.
During the past seven seasons in San Francisco Bay, over 70%
of all spawning escapement has been in the southern part of
the bay. For the nine seasons prior to that, 94% of all
spawning escapement was in the northern part of the bay.
Estero Americano was included in spawning-ground surveys this
season. Only trace amounts «I ton) of herring spawned in
the estero.
!/Harine Resources Administrative Report No. 89-6.
l/Harine Resources Division. 2201 Garden Road, Monterey.
California 93940.
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INTRODUCTION
The California Department of Fish and Game has estimated the annual spawning
biomass of Pacific herring, Clupea haren~us pallasi, in Tomales and San Francisco
Bays since 1973. Biomass is derived from estimates of herring eggs deposited
durinR the spawninR season (Spratt 1981). Both bays are relatively small and
well suited for intensive spawning-ground surveys.
This season's spawn surveys were expan~ed to include F.stero Americano, to
determine if herring also spawn there.
This report includes spawnin~ biomass estimate~ for Tomales Ray and San
Francisco Bay during the 1988-89 season and provides a continuous series of
annual herrin~ spawnin~ biomass estimates from 1973-74 onward. These data
provide the basis for mana~inR the herrin~ roe fishery.
DRSCRIPTION OF STUDY AREA
Tomales Bay
Tomales Bay (Fi~ure 1) lies in Marin County, a short distance north of San
Francisco. It is 20 km (12.4 miles) long and averages more than 1.5 km (0.9
miles) wide. Hardwick (1973) determined that eelgrass, Zostera marina, was the
predominant marine flora in the bay. The present distribution of eel~rass
(Figure ) is uncban~ed from the previous season. ~here are other species of
marine flora in Tomales Bay, but eelgrass is the primary one used to determine
herrin~ biomass.
Rstero Americano
Estero Americano is located 6.4 km (4 miles) north of the entrance to
Tomales Bay. Althou~h much smaller than Tomales Rav. eel~rass occurs there and
it is a potential spawning area.
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San Francisco Bay
The portion of San Francisco Bay where regular daily (Mon.-Fri.) surveys are
attempted includes all shoreline and shallow subtidal areas to a depth of 4.6 m
(15 ft). bounded by the Golden Gate Bridge on the west, the Richmond Bridge on
the north. Hunters Point on the south. and the east bay shoreline between
Richmond and Alameda (Figure 2). Other areas of the bay were surveyed as needed.
Herring spawn in San Francisco Bay in both intertidal (partly e~posed at low
tide) and subtidal (never exposed at low tide) areas. Intertidal spawns are on
the shoreline and cover all suitable substrate in the area. including bare rocks.
sand, pier pilings, and marine flora. Subtidal spawns generally occur in areas
of the bay shallower than 4.6 m (15 ft) within vegetation beds such as Zostera
marina; red algae, Gracilaria ~.; and sea lettuce. Ulva ~., but may also occur
in shallow, rocky or hard bottom areas. Broad, shallow mud flats with no
vegetation are not utilized by herring as spawning areas.
METHODS
Tomales Bay Sampling Techniques
This season's spawning-ground surveys were conducted from December 1, 1988
to March 7, 1989. Every eelgrass bed (Figure 1) was sampled daily (Mon.-Fri.).
as the weather permitted, from the project's 4.6-m (IS-ft) boat. Spawn
deposition was determined by dragging a vegetation sampler (rake) through the
eelgrass beds at random locations. The perimeter of each spawn was also
determined with the vegetation sampler in order to estimate area (m2).
Processing of samples was unchanged from previous seasons (Spratt 1981). Herring
eggs were removed from the eelgrass blades. counted. and then the eelgrass was
weighed to obtain the number of eggs per unit weight of eelgrass.
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Densi~y of eelgrass (kg/m2) on spawning grounds was estimated using multiple
linear regression between density and eelgrass blade measurements (Spratt,
1989b). The multiple regression model is represented by the following equation:
where:
Y - kg eelgrass per m2
a 1 - slope of regression for length variable
a - slope of regression for width variablew
B • Y intercept
In December 1988 eelgrass blade length and width measurements were randomly
collected from the surface with a vegetation sampler. All beds frequently
spawned on by herring were sampled. The 1988-89 eelgrass density values were
computed by substituting this eelgrass data in the regression formula. The area
2(m ) of eelgrass beds was re-measured this season. The perimeter of smaller
eelgrass beds was determined with a recording fathometer. then marked with
anchored floats. Measuring lines were stretched across the beds to determine bed
length and width, then these measurements were used to calculate area. Larger
beds were measured by triangulation with landmarks, plotting bed perimeters on
navigation charts, and measuring the area directly from the chart.
Estero de Americano Sampling Techniques
This embayment is considered a potential spawning area. Weekly surveys were
attempted during the season to determine if herring do spawn there. Spawn
sampling techniques were the same as those used in Tomales Bay.
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San Francisco Bay Sampling Techniques
This season's spawning-ground surveys were conducted from November 15, 1988
until March 13, 1989. The techniques used to sample both subtidal and intertidal
spawns in San Francisco Bay have been unchanged since the 1983-84 season (Spratt
1984). A two-stage random sampling plan is used to select sample sites for
intertidal shoreline spawns. Spawnings on pier pilings are not sampled randomly,
but sampling sites are spaced at regular intervals (200 to 300 years apart)
throughout the entire linear length of the spawn and the area covered thoroughly.
For intertidal spawnings, three 100-c. samples of eggs are removed at each
sampling site. 2Eggs are counted to determine density (Him .).
In the case of subtidal spawning, samples are collected randomly throughout
the spawn area from the surface with a weighted rake that is towed from the
project's boat. These are not quantitative samples; only the number of eggs per
kg of vegetation is obtained. To quantify the number of eggs, vegetation density
(kg/m2) must be obtained by SCUBA.
Preseason subtidal vegetation densities were determined by collecting
samples from 1/4 m2 quadrats with SCUBA from permanent stations at Belvedere
Cove, Kiel Cove, Angel Island, and Brooks Island near Richmond (Figures 3 and 4).
SCUBA was also used to assess vegetation density at a subtidal spawning site off
Alameda near Ballena Bay. Richardson Bay stations were eliminated this season
because of very low vegetation densities found the past several years.
Richardson Bay is no longer a primary spawning area.
Biomass Computation
In San Francisco Bay, the method used to convert the number of herring eggs
-----
-----------
-SPawned to tons of spawners incorporates sex ratio estimates for each spawning
run individually (Reilly, Oda~ and Wendell 1989).
Fecundity of herring (eggs per g of female) in San Francisco Bay ranged
between 220 and 226 from 1984 to 1986. These differences are not significant
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(Reilly and Moore 1986). Fecundity is also not significantly different between
Tomales Bay and San Francisco Bay. A fecundity of 113 eggs per g of body weight
(males and females combined) was used in calculating this year's biomass
estimates. Factors used to convert number of eggs to tons of herring in both
Tomales and San Francisco Bays changed during the season based on the sex ratio
of each run in San Francisco Bay.
The following formula was used to calculate the conversion factor:
1
Conversion
factor
where:
- F
f
X ---------- X
p
Grams
pound
Pounds
x --------
ton
F • fecundi~y (males and females combined)
f - percent females in a given spawning run
P - percent females in population (assumed to be 50%)
RESULTS
Tomales Bay
There was.a total of 36 eelgrass beds utilized by herring in Tomales Bay.
Spawning has also been found in two Graci1aria!£. beds, numbers 28B and 29
(Figure 1). Most of the eelgrass beds were remeasured this season and the new
eelgrass bed area (m2) estimates (Table 1) were used in biomass calculations.
Eelgrass Density Estimates From Regression
Beginning with the 1987-88 season, eelgrass density was estimated from
regression using eelgrass length and width measurements. Prior to that, eelgrass
density was estimated subjectively by on-site visual inspections based on
quantitative samples collected in 1976 (Spratt 1981).
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This sea~on eelgrass density was estimated for 23 eel~ras~ heds uRin~ data
collected in December 1988 (Table 2) in the regression formula:
Density kg/m2 = .002177(1) + .0765(w) - 1.1810, r = .78
The computed eel~rass density for each bed (Table 2) is the avera~e of
individual estimates. Using bed no. lA as an example: solving with variable set
1 (Table 2) in regression formula:
2Density kg/m = .002177(590) + .0765(7) - 1.1801
2
= 0.64 _~ 1m 1
For bed no. lA the average density computed from three data sets is 0.62 k~/m2.
No pattern was apparent when this season's eelgrass density was compared with
density estimates from last season's; about half of the heds increased in density
and half decreased.
Spawning Biomass
Herrin~ spawning started on necember ~,1988. There were only nine
individual spawn sites found this season, and only one spawning run was
significant. On January 17, a total of 133 tons of herring spawned primarily at
bed no. 28~, a Gracilaria sp. bed (Table 23 and Figure 1). Egg density for this
spawn was obtained with a bottom Rrab. There were several trace spawns found
durinK the season, but egg densities were too light to sample. These light
spawnings, combined, would have amounted to only a few hundred pounds of herrin~.
There were no spawning runs in Tomales Bay during February or March. This same
pattern was also apparent last season; normally, over 20% of all spawning occurs
in February and March.
This season's spawnln~ escapement estimate 1s 167 tons (Table 3). The
8pawnin~ biomass, which includes the catch of prespawning herrin~, is 380 tons
(Table 4).
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Estero Americano
Qualitative inspections this season found evidence of herring spawning in
the estero on January 27 and February 17, 1989. Biomass estimates were not
calculated, but no more thaD a few hundred pounds of herring were thought to have
spawned in the estero this season. The amount of eelgrass present in the estero
was significant and potentially could support a spawning biomass of several
hundred tons.
San Francisco Bay
Vegetation Density Estimates
Quantitative samples of subtidal vegetation were collected by Department
divers on November 1, 1988. Subtidal vegetation densities remained low at all
permanent stations (Figures 3· and 4), and actually declined slightly from 1987.
Spawning Biomass
The season's first spawn was found November 18, 1988 at San Francisco (Table
5). There were nine periods of spawning activity, but there may have been up to
11 spawning runs. From December 28, 1988 to January 5, 1989, it is probable that
more than one herring spawning run occurred because egg deposition covered about
50 miles of San Francisco Bay shoreline (Figures Sa, 5b, and 6).
There were seven intertidal spawns along the San Francisco waterfront (Table
5, Figures Sa and 5b); and about 50% of this season's spawning escapement
occurred in this area. Last season there were no spawns at Belvedere, Tiburon,
or Angel Island; but this season, intertidal spawning occurred at these locations
(Tables 5 and 6). There were also two major intertidal herring spawnings on the
east side of the bay between Oakland and Alameda (Table 5, Figures Sa and 5b).
Three subtidal spawnings were found this season. There were two minor
spawnings at Kiel Cove and Angel Island (Table 5 and Figure 7). A major subtidal
spawn of about 6,00 tons was found near Bay Farm Island and the San Leandro
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Channel (Figure 8). The spawnin~ substrate in this area 1s hard sand and oyster
shell. Divers collected additional samples from this spawn. However, the area
was very shallow (less than 5 ft) and predation on the spawn by divin~ birds had
removed most of the eggs by the time divers could be organized. The spawn
estimate was calculated from samples collected with our ve~etation sampler. In
the vegetation bed near Ballena Bay (Figure 8), the vegetation density was
reduced due to predation by divin~ birds before Department divers ~ttempted to
collect samples. The vegetation remaining 0.024" kg/m2 (Table 5) did not
represent the density present at the time of spawnin2 and this spawn wa~
underestimated. Spawn sampling, whether by SCUBA or conventional methods, must
be done as soon as possible after spawnin~ ceases.
The 1988-89 season's spawning escapement was estimated at 56,308 tons of
herrin~ (Table 5). Includin~ the catch of prespawnin~ herrin~ from the roe
fishery, the spawning biomass for the 1988-89 season is 66,044 tons (Table 6).
The San Francisco Ray population estimate rleclined about ~% this season: but it
remains above the 10-year average of 60,000 tons.
~onfidence Limits
Confidence limits of herring spawning escaoement estimates in Tomales Bay
were calculated frOM variation 1n the density of e~g deposits. Each run usually
encompasses several small spawning sites and total spawning escapement is the sum
of the estimates fOT each site (Table 3). The confidence intervals were also
calculated for each spawn site individually. The 95% confidence interval for
this season's largest spawn of 100 tons on January 17, 1989 was + 45 tons (Table
7). The precision of this season's biomass estimate is insignificant compared to
the drastic decline in the amount of herring spawning in Tomales ~av.
Confidence limits of San Francisco Bay spawn estimates were also calculated
for each spawn individually from variation in the density of e~~ deposits. Seven
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of this season's spawning runs (75% of total escapement) had 95% confidence
intervals ranging between 18% and 44% of the estimate (Table 8).
There were major (1 1,000 tons) spawning runs with 95% confidence limits
that were more than 50% of the esti.ate. From December 28, 1988 until January 5,
1989, herring spawned on about 50 miles of San Francisco Bay shoreline. This was
a very hectic 9 days for spawn sampling crews and time did not allow for
additional samples to be taken from the Sausalito spawn. The other spawning run
in question was Angel Island on January 28-29, 1989. In this case, spawn
deposition was unusually patchy with very dense areas of egg deposits
interspersed with light areas. Using 20-20 hindsight, the spawn area should have
been stratified before sampling.
DISCUSSION
Tomales Bay
There have been four unusually low herring spawning biomass estimates in
Tomales Bay over the past six seasons. It is believed that EL Nino altered the
migratory pattern of herring in 1983 and that herring did not return to Tomales
Bay as expected, resulting in low escapement (Spratt 1984). Since then, spawning
escapement has been erratic. In the 1984-85 and 1986-87 seasons, herring
returned in normal numbers to Tomales Bay (Table 4). The past two seasons
escapement has been very low, and the possibility exists that herring may be
abandoning Tomales Bay as a &pawning area. This phenomenon has also been noted
in Puget Sound, Washington (Day, 1986), and in San Francisco Bay, where no
significant spawning has occurred in Richardson Bay for 8 years.
It is also believed that drought conditions in California the past 2 years
and lack of fresh-water run-off into Tomales Bay may be affecting herring
spawning behavior. The average size and age composition of the Tomales Bay
herring catch the past two seasons (Spratt 1988b and 1989a) supports the concept
of stock movement rather than a decline in abundance; although, stock movement
remains unsubstantiated.
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Spawning by Area 1973 to 1989
Spawning-ground surveys have been conducted in Tomales Bay from 1973-74 to
1988-89, with the exception of the 1978-79 season and the 1985-86 season, when
biomass was estimated by cohort analysis. The distribution of herring spawning
within Tomales Bay before and after the EI Nino season of 1983-84 has not changed
significantly. The larger eelgrass beds near Walker Creek (Figure 1) have
accounted for over 50% of spawning escapement (Table 9).
Although herring that return to Tomales Bay are spawning normally, it is
believed that a significant part of the population is not returning at times and
instead spawn in an unknown location. This pattern started with the EI Nino
season of 1983-84, when a sudden drop in spawning escapement occurred (Spratt
1984).
San Francisco Bay
The San Francisco Bay herring biomass estimate declined for the first time
in four seasons and is currently 66,000 tons, representing a 3,OOO-ton (5%) drop
from the 1987-88 estimate. The decrease in biomass agrees with hydoacoustic
biomass estimates from an independent study which estimated a decline in biomass
of 7% this season (Reilly, Oda and Wendell 1989).
The San Francisco Bay herring population may have reached a plateau.
Recruitment of the 1987 year class appears average this season (Reilly, Oda and
Wendell 1989), after 5 years of above average recruitment.
Spawning By Area 1973 to 1989
Spawning-ground sUTveys have been conducted in San Francisco Bay for 16
seasons. During this time there has been a major change in the distribution of
herring spawning in the bay. From the 1973-74 to 1981-82 seasons, Richardson
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Bay. Sausalito. and Richmond were the major spawning areas. Since the 1982-83
season. the San Francisco waterfront has accounted for 60% of all spawning
escapement. while Richardson Bay. Sausalito. and Richmond have accounted for only
11.2% of spawning escapement (Table 10). This current trend is expected to
continue unless the subtidal vegetation densities in San Francisco Bay increase.
~
CONCLUSION
Because of the low spawning escapement estimates 3 out of the last 5 years.
the future of the Tomales Bay herring fishery is uncertain. This pattern. which
has been devastating to the fishery. indicates a movement of herring to and from
Tomales Bay.
The San Francisco Bay herring population is in excellent condition and is
expected to remain above long-term mean population levels in the near future.
Spratt (1989a) addresses the concept of separate stock management between
Tomales Bay, Bodega Bay, and San Francisco Bay. Currently, these areas are
managed on the assumption that they contain genetically distinct stocks. Now
that more data is available, this concept may be questionable.
RECOMMENDATIONS
Management measures should be taken to promote recovery of the Tomales Bay
herring stock. In a normal season at least 2,000 tons of herring have spawned by
January 31. If a spawning threshold of 2,000 tons were established for Tomales
Bay, this would allow unrestricted early-season access to Tomales Bay for
herring. When the 2,00o-ton spawning threshold is passed, the season would open
with an 400-ton quota. If 2,000 tons of spawning escapement has not been
recorded by January 31, it would indicate another poor season and there should be
no fishery.
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TABLE 1. Tomales Bay Eelgrass Bed Measurements, 1988-89 Season.
Bed
number
Area
2
m
Season
last
survej"ed
Bed
number
Area
2
m
Season
last
surve~-ed
1 4,900 12 2,100
lA 29,300 13 0
1B 15,000 14 1,700
1C 1,100 15 0
2 5,200 16 42,000 1983
2,A 2,000 1987 16:\ 13,400
3 3,200 17 2,200 1983
3A 0 1987 18
°4 ioa 19 116,600 197-1
5 5,-100 20 235,500 1983
6 7,100 20A 55,900 1983
7 15,500 21 1,-.l88,OOO
8 10,000 22 l~O,OOO
9 ~orth I-t,400 23 1,209,000
9 South 17,900 24 20,900
10 2,300 25 105,000
11 North 21,700 26 165.000
11 Middle 11,000 27 21,000 1987
11 South 1,600 28 0 1986
28~~ 11,800 1983
-~-~--------~-----------------~------------_.~------------------~-
2
Total area 3,i98,-100 m
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TABLE 2. December 1988 Eelgrass Measurements from Tomales Bay
and Estimates of Eelgrass Density from Multiple Regression.
Bed no.
Data
set
( 1 )
Blade
length mm
(\.;)
Blade
\.-i d t.h mm
Eelgrass
density
2
kg/m
A\·erage
density
2
kg/m
-------------------------------------------------------------
1
1A
1B /
Ie
1
2
3
1
2
3
1
2
3
4
1
2
3
1310
1207
1050
590
600
480
8iO
830
970
1030
730
910
700
10
8
10
7
9
7
8
7
9
8
8
9
7
2.43
2.06
1. 87
0.64
0.82
0.40
1. 33
1. 16
1. 62
1. 67
1. 02
1. 49
0.88
2.12
0.62
1. 45
1.13
2 1 873 8 1. 33
2 741 8 1. 05
3 695 8 0.95
4 656 7 0.78
5 1056 10 1. 88
6 885 9 1. 43 1. 24
3
5
6
7
8
1
2
3
1
2
3
4
1
2
3
1
2
3
1
2
3
650
1032
482
758
706
1272
1059
714
631
840
670
757
1083
805
789
1140
8
10
6
9
7
9
8
8
9
9
7
8
10
9
9
10
0.85
1. 83
0.33
1.16
0.89
2.28
1. 74
0.99
0.88
1. 34
0.81
1. 08
1. 94
1. 26
1. 23
2.07
1. 00
1. 52
1. 07
1. 28
1. 56
Table 2. Cont.
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Bed no.
Data
set
( 1 )
Blade
length mm
Eel~rass
(w) density
Blade
width mm kg/;
Average
density
kg/m2
95 1 1183 10 2.16
2 937 6 1. 32
3 675 6 0.75
4 800 8 1. 17
5 718 8 0.99 1. 28
9N 1 764 9 1. 17
2 1013 9 1. 71
3 1203 10 2.20
4 954 9 1. 58
5 1033 10 1. 66
6 816 8 1. 21 1. 59
10
115
11M
lIN
12
14
1
2
3
1
2
1
2
1
2
3
1
2
3
1
2
3
799
1054
979
887
776
884
693
1014
1265
812
480
1035
995
1005
910
932
9
10
11
7
6
7
6
9
11
9
8
9
9
9
12
10
1. 25
1. 88
2.98
1. 29
0.96
1. 28
0.79
1. 72
2.41
1. 28
0.48
1. 76
1. 6 i
1. 69
1. 72
1. 61
2.03
1. 12
-1. 03
1. 80
1. 30
1. 68
16A 1 957 12 1. 86
2 735 12 1. 34
3 1052 9 1. 80
4 998 8 1. 60
5 690 12 1. 24 1. 57
21 1
2
3
4
1080
1355
1128
808
12
15
8
7
2.10
2.92
1. 89
1. 11 2.00
Table 2. Cont.
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Bed no.
22
23
Data
set
1
2
3
4
5
1
2
3
4
( 1 )
Blade
length mm
1166
11iO
993
1790
1632
1300
1150
1040
1140
( ~ )
Blade
1-.'idth mm
10
10
8
16
16
10
8
12
9
Eelgrass
a,,~erage
2
kg/m
2.12
2.13
1 .59
3.94
3.60
2.41
1.93
2.00
1.99
A\~erage
densi t~·
2
kg/m
2.68
2.08
25 1 1132 8 1.90
2 1129 8 1.89
3 710 9 1.05
4 678 7 0.81
5 488 4 0.19
6 670 6 0.;4 1.10
26
27
1
2
3
1
2
3
730
870
710
964
945
889
7
9
6
8
7
9
0.94
1.40
0.82
1.53
1.41
1.44
1.06
1.47
Table 3. Tomales Bay Herring Spawn Data, 1988-89 Season.
Conversion
Area Kg. veg. Egg. factor
*
2 Eggs 2 2 Million. -6
Date Location m per kg. per m per a of egg. X 10 Tons
-----------------------------------------------------------------------~--------------------------
6 Dec 88 18 600 290,000 1.4 406,000 240 .0097 2
1 Jan 89 lA 29,000 92,000 0.6 55,200 1,600 .0097 16
1 Jan 89 1 4,900 21,000 2.1 44,100 220 .0097 2
1 Jan 89 2 1,800 23,000 1.2 27,600 50 .0097 Trace
17 Jan 89 1 4,900 98,000 2.1 205,800 1,010 .0097 10
17 Jan 89 28B 94,000 1,400,000 0.08 112,000 10,530 .0097 100
17 Jan 89 lA 15,000 260,000 0.6 156,000 2,340 .0097 23
23 Jan 89 lA 22,000 370,000 0.08 29,600 650 .0097 6
23 Jan 89 288 94,000 100,000 0.08 8,000 750 .0097 7
---------------~--------------------------------------------------------~-------------------------Total 266,200 17,390 167
--------------------------------------------------------------------------------------------------
* See Figure 1. I~
'"I
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TABLE 4. Tomales Bay Pacific Herring Biomass Estimates 1973-74
Through 1988-89 seasons.
Season
1973-74
1974-75
1975-76
1976-77
1977-78
1978-79
1979-80
1980-81
1981-82
1982-83
1983-84
1984-85
Spawn estimate
(tons)
6,041
4,210
7,769
4,739
21,513
5,420
5,128
6,298
10,218
1 ,1 70
6,156
Catch
(tons)
521
518
144
344
646
448
603
448
851
822
110
430
Spa\oo-ning biomass
(tons)
6,562
4,728
7,913
5,083
22,163
6,023
5,576
7,149
11,040
1,280
6,586
-----------------------------------------------------------------
1985-86
1986-87
1987-88
1988-89
435
4,931
1,311
167
771
867
750
213
6,000 *
5,798
2,061
380
-----------------------------------------------------------------
* Biomass estimated by cohort analysis; for all other years
biomass was estimated from spawning-ground surveys.
Table 5. San Francisco Bay Herring Spawn Data, 1988-89 S.a.oD.
Coa.er.ion
Area II- Yet· II,. factor
2 10. egg. a 2 lillioaa -6
Date LocatioD • per k,. Ye, per • fer. of .... I 10 ,. TODI
--~~------~--~-~----~------~-------~~-~---------~----~-~----~~-----~------~------~--~~-~--------~--~~~~-~-~
18 loy 88 San rrancilco 7,500 * * 200,000 1,500 .0107 1523 loy 8a SaD rraDcilco 250 * * 110,000 125 .0101 1
30 IOY-3 Dee 8a San Francisco 136,000
* * 1,"'0,000 2tO, 000 .0131 3,30012-13 Dec 88 San Franc'isco 90,000 * * 1,000,000 to ,GOO .0121 1,,10021-30 Dec 81 Oakland 55,000 * * 1,_,000 12,500 .0097 lOa
1-C Jan 89 Ala••ela 150,000 * * t,toO,OOO "0,000 .0091 6"COO2-3 JaB 89 Trealure Island 30·,000 * • t,OOO,OOO 120,000 .0097 1,000
2-C Jan 89 Sa. Francisco 490,000 * * 1,tOO,OOO ,.S,OOO .0097 6,6501-5 JaB 89 Tiburon 32,000 * * 1,100,000 35,000 .0097 3.0):"5 Jan 89 Sausalito 125,000 * * 2,'00,000 325,000 .0091 3,1501-2-17 Jan 19 San Francisco 710,000 * * 1,100,000 1,136,000 .0091 11,000 I16:..18 Jan 19 Sausalito 60,000 * * c,tOo,OOO 2tO,OOO .0097 2,800
~
\0
25 Jan 89 Sausalito 6,000 *
,. 1,'00,000 ',600 .008 80 I
26-29 Jan 89 Tiburon 200,000
--
111I 3,'00,000 110, GOO .008 6,250
26-29 Jan 89 li.l Cove 30,000 366,000 0.06 22,000 150 .008 5
21-30 Jan 89 Angel Island 130,000 * * 2,1'0,000 210,000 .008 2,25021-30 Jan 89 Angel Iliand 20,000 330,000 0.3 ",000 2,000 .008 15
1"-20 reb 19 San Leandro Chan. 17,000 111I • ',500,000 110,000 .008 900
11-20 feb 89 Ballena 8ay 40,000 200,000 0.02t C,aGO 200 .008 2
11-23 reb 19 Bay Far. Island 190,000 * * 3,Joo,000 625,000 .008 5,00017-23 reb " San Leandro 125,000 *
,. 1,t50,OOO 110,000 .008 1,450
,10-12 Mar 19 San Francisco 180,000 111I ,. 2,.,000 tJO,OOO .0088 3,800
~--~~------------~----~------~---~-----~-----~~-----~~--------~~------~~------~---~-~----~--~--~~---~-~~~-
Total 2,823,750 ',012,515 56" 308
~~~-~~---~-~-~-~---~----~~~------~--~-~----~~-~-~~--~-~~~--~-~-~-~-----~~---~---------~---~-~-~~~--~~---~~~
• Vegetation par••eterl are only used to esti••te .u~ti4al .pa.. te••ity, .be. par...tera are knowD.
They are not required for intertidal spawn .Iti.at•••
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TABLE 6. San Francisco Bay Pacific Herring Biomass Estimates
1973-74 Through 1988-89 Seasons.
Season
Spawn estimate
(tons)
Catch
(tons)
Spawning biomass
(tons)
--------------------------------------------------------------
1973-74
1974-75
1975-76
1976-77
1977-78
1978-79
1979-80
1980-81
1981-82
1982-83
1983-8-1
1984-85
1985-86
1986-87
1987-88
1988-89
4,300
26,730
25,360
22,670
3,750
32,590
46,590
59,615
89,220
49,518
37,987
39,130
41,770
48,721
60,155
56,308
1,938
514
1,719
4,201
4,987
4,121
6,430
5,826
10,415
9,695
2,838
7,740
7,298
8,098
8,726
9,736
6,238
27,244
27,079
26,871
8,737
36.,711*
53,020
65,441
99,635
59,213
40,825
46,870
49,068
56,819
68,881
66,044
*Subtidal spawning areas were discovered in 1979. Biomass prior to
1979 was probably underestimated.
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TABLE 7. Confidence Limits of the Tomales Bay Herrin~ Spawn
Estimates During the 1988-89 Season.
Spawn
date Location
Standard error
eggs per m
D. F.
N-1
Estimated
tons
95%
Conf. into
12/6 1B 237,000 2 2 ±.6
1/1 1A 11,500 5 16 ±.9
1/1 1 15,000 2 2 ±.3
1/1 2 7,800 2 TRACE ±.0.6
1/17 1 87 , 000 2 10 ±,17
1/17 28B 15,700 3 100 ±.45
1/17 lA 86,000 2 23 ±.53
1/23 1A 15,000 3 6 ±.5
1/23 28B 2,600 3 7 ±.7
-------------------------------------------------------------------
Total 167
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TABLE 8. Confidence Limits of the San Francisco Bay Herring
Spa~n Estimates During the 1988-89 Season.
Spawn
starting
date Location
Standard error D. F.
eggs per m ~-l
Estimated 95%
tons Conf. into
11/18
11/23
11/30
12/12
12/28
1/1
1/2
1/2
1/2
1/3
1/12
1/16
1/25
1/26
1/26
1/28
1/28
2/1 i
2/1i
2/1 i
2/1i
3/10
San Francisco
San Francisco
San Francisco
San Francisco
Oakland
Alameda
Treasure Island
San Francisco
Tiburon
Sausalito
San Francisco
Sausalito
Sausalito
Tiburon
Kiel Cove
Angel Island
Angel Island
San Leandro
San Leandro Chan.
Ballena Bay
Bay Farm Island
San Francisco
250,000
31,000
440,000
650,000
115,000
400,000
680,000
180,000
880,000
685,000
44,000
640,000
30,000
150,000
500,000
2,000
330,000
250,000
10
6
5
7
14
2
7
14
7
8
2
6
2
10
1
4
2
1 1
15
1
3,300
1,100
800
6,400
1,000
6,650
340
3,150
11,000
2,800
80
6,250
5
2,250
15
1,450
900
2
5,000
3,800
-- *
-- *
±.1,000
±.100
±.650
±.2,200
-- *
.±.1 ,200
±.550
±.1,900
±.2,800
±.1,200
-- *
.±.2,500
±10
±.1,600
±.20
±.340
±.860
±.2
±.2,200
±900
-------------------------------------------------------------------
Total 56,308
* Quantitative samples were not taken and confidence limits could
not be calculated.
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TABLE 9. Herring Spawning Escapement by Area for Tomales Bay,
1973:74 Through 1988-89 Seasons.
Vegetation
bed no.
Average
escapement
ltons)
Average %
of annual
escapement
1 53 0.87
1A 176 2.90
1B 5 0.08
Ie <1
2 242 3.99
2A 2 0.03
3 64 1. 05
3A 1 0.02
4 2 0.03
5 32 0.53
6 56 0.92
i 73 1. 20
8 62 1. 02
9 604 9.95
10 41 0.68
11 202 3.33
12 6 0.10
13 <1
14 1 0.02
15 <1
16 146 2.41
16:\ 27 0.44
17 <1
18 <1
19 60 0.99
20 142 2.34
20A 26 0.43
21 1,342 22.12
22 1,213 19.99
23 861 14.19
24 41 0.68
25 237 3.91
26 237 3.91
27 35 0.58
28 16 0.26
28B 7 0.11
29 5 0.08
Intertidal 28 0.46
* 'Iotal 6,068 100.00
* Fourteen years of data, spawn surveys were not conducted
in the 1978-79 or 85-86 seasons.
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TABLE 10. Herring Spa~ning Escapement by Area for San Francisco
Bay.
1973-74 to 1981-82
Spa",ning
area
Richardson Bay
Sausalito
Richmond
Tiburon
Ange-l Island
Treasure- Island
Kiel Co"'-e
Belvedere-Tiburon
Belvedere
San Francisco
South Bay
Belvedere Cove-
Berkeley
Coyote Point
Oakland-Alameda
Total
Spa,,-ning
area
San Francisco
Sausalito
Oakland-Alameda
Belvedere-Tiburon
An~el Island
South Bay
Treasure Island
Belvedere Cove
Tiburon
Kiel Cove
Richardson Bay
Richmond
Belvedere
Coyote Point
Berkele~;
Total
Average "
of seasonal
biomass
38.6
16.3
12.7
9.8
6.8
3.7
3.5
3.0
1.9
1.5
0.8
0.7
0.6
<0.1
0.0
100.0
1982-83 to 1988-89
A'\'erage %
of seasonal
biomass
60.4
10.2
7.9
6.8
4.6
3.4
2.0
1.2
1.1
1.0
0.5
0.5
0.3
<0.1
0.0
100.0
Average
escapement
(tons)
13,334
5,616
4,393
3,389
2,344
1,275
1,205
1,038
655
533
288
244
211
11
34,536
Average
escapement
(tons)
28,775
4,847
3.759
3,250
2,208
1,61 7
975
548
530
490
260
238
131
27
47,655
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FIGURE 1. Tomales Bay with numbered vegetation beds. All beds are
eelgrass except where (*) indicates Gracilaria ~
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FIGURE 3. Vegetation densities kg/m in San Francisco Bay in the
fall of 1988.
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fIGURE 5a. South San Francisco Bay intertidal
herring spawns and spawn starting
dates during November and
December 1988.
FIGURE 5b. South San Francisco Bay intertidal
herrin; spawns and spawn starting
dat.s during January, rebruarr
and March 1989.
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FIGURE 6. Intertidal herring spawns and starting dates in
San Francisco Bay during the 1988-89 season.
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FIGURE 7. Subtidal herring spawns and spawn starting dates in
San Francisco Bay during the 1988-89 season.
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FIGURE 8. Subtidal herring spawns and spawn starting dates in
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